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Abstract 
The greatest challenge, as far as landfill designing is concerned, is building a drainage system capable of diminishing the most
severe negative effect, i.e., groundwater pollution. Based on waste collection system configuration – drainage conditions for 
existing landfills, drainage of homogeneity, etc. – the present paper managed to determine the hydraulic conductivity of the 
drainage layer and the maximum depth of saturation. Drainage system effectiveness is highly dependent on efficient analyses of 
the leachate collection systems. One of the most important factors of the present study is represented by the maximum saturated
depth of infiltration with a net value of 98 cm/year. The hydraulic conductivity determined for this value of net infiltration 
reveals that, in some cases, the vertical drain leachate drainage is prevalent. The study covered a span of two years. In order to 
identify groundwater pollution levels in Muntenia region five sampling points were established; their focus was to analyse COD,
BOD, pH and TSS values. Study results revealed a lower degree of pollution in the case of industrial waste landfills as compared
to domestic waste ones. 
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1. Introduction 
Here introduce the paper, and put a nomenclature if necessary, in a box with the same font size as the rest of the 
paper. The paragraphs continue from here and are only separated by headings, subheadings, images and formulae. 
The section headings are arranged by numbers, bold and 10 pt. Here follows further instructions for authors. 
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Existing landfills in Romania can represent potential sources of pollution for both surface water and groundwater. 
It is for this reason that the laying out of new disposal areas is of the utmost importance. The European legislation 
regulates both construction norms and rules as well as the legislative framework regarding the operation and closure 
of industrial and domestic landfills. Hence, the most important pieces of EU legislation are Directive no. 
2006/12/CE, Directive no. 91/689/CE, Directive no. 99/31/EC, Directive no. 94/62/EC Directive no. 2000/532/EC, 
Directive no. 2002/96/EC, Directive no. 78/176/EEC9 (Panaitescu at. al., 2014). At a national level, they are being 
implemented by national legislation (Panaitescu at. al., 2013). Muntenia features both industrial and domestic waste 
landfills, which leads to significant quantities of leachate. Some of them require special treatment procedures 
because of the high pollutant content of the leachate. Waste classification into two categories, i.e., hazardous and 
non-hazardous automatically led to the determination of their implicit disposal impact on groundwater quality 
(Boswick at al., 2008). Consequently, it is now well known that domestic waste disposal has a lower impact on the 
environment than its industrial counterpart. Regardless, as the groundwater is one and the same in both cases, it goes 
without saying that the combined impact of both types of disposal may result in significant pollution. The first major 
study that tackled controlled disposal has been conducted since the 1990s in the US (Boswick at al., 2010). The 
important factors analysed in the study of groundwater pollution must include aspects regarding both landfill setting 
up, as well as leachate flow through the waste layer and through the drainage system (Branchman at al., 2008, 
2010). In order to limit leachate infiltration into the groundwater, environmental landfill construction has undergone 
several transformations since 1978 and even reached a climax point between 1995 and 2000 (Panaitescu at al., 
2008). This is also due to the development of pollutant detection techniques in the groundwater. The present study 
analysed the influence of leachate amounts on groundwater quality in the case of two large capacity landfills – an 
industrial one and a domestic one. 
2. Materials and Methods  
Produced leachate quantities were monitored over a span of approximately two years – between 2012 and 2014. 
The analysed area was the same, namely Muntenia region. Apart from waste mass leakage, the amount of rainfall 
had an equally significant influence. The analysed disposal areas were sealed with geosynthetic material (Figure 1). 
Hence, geomembranes were chosen in order to ensure waterproofing. 
Figure 1. The geomembranes used in both landfills 
The geomembranes used in both landfills were identical. A defining feature of the membrane is its hydraulic 
pseudoconductivity. For the geomembrane used, pseudoconductivity was necessary in order to assess the leakage 
flowing through membrane defects (Rowe at. al, 2010, 2011). These defects can be a result of defective welding of 
the membrane overlay layers, as well as manufacturing defects, transportation damage, installation damage, etc 
(Figure 2(a)). The type of seal used in the two landfills is shown in Figure 2(b). 
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Figure 2. Geomembranes: (a) installation, (b) the type of seal used 
Consequently, knowledge of the leachate flow theory has become a necessity in the case of groundwater 
protection. Parameter flow estimation represents a difficult task because of the difficulty of estimating the 
parameters. It is for this reason that knowing the calculation models of the observed parameters is of great 
importance. The hydraulic conductivity of the liquid was estimated via both laboratory methods (Rowe at. al, 2009) 
as well as calculation. The liquid used in the laboratory consisted of leachate samples collected from the site 
throughout the study. The values obtained were compared with the values calculated according to the Hazen method 
(Rowe at. al., 2008). Hydraulic conductivity was then compared with available data in the literature indicating 
values of 10-3 cm/s. Leachate sealing system effectiveness was verified using the HELP model (Hydrologic 
Evaluation of Landfill Performance). The transverse profile scheme of the cell used for this model is shown in 
Figure 3. 
Figure 3. Model for calculating the leakage (Rowe, 2011) 
Model choice is based on the data regarding the water balance of the landfill surface. Thus daily values are used 
for runoff, percolation and lateral drainage. Consequently, the obtained values are very close to the real ones. 
Furthermore, the barrier layers are regarded as being low permeability layers, leading to lower vertical flow rates. 
The use of the present model leads to obtaining daily estimates and has the advantage of using an extensive set of 
data, namely: climate data, data on soil hydraulic characteristics, data on the green area in the vicinity of the 
environmental landfill and landfill design data. 
In order to correctly determine the parameters and flow rates through the waste layer and the leachate generation 
potential the composition of the waste layer was analysed according to the legislation in force. Two sealing layers 
(primary and secondary) were used in the case of both landfills. Secondary sealing relied on a drainage layer which 
included a pipeline network (Figure 4). The requirement that the leachate must accumulate at a maximum height of 
30 cm above the seal was observed. Geomembrane layers alternated with the clay ones. 
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Figure 4. Drainage layer which included a pipeline network 
Groundwater quality in Muntenia region was analysed as part of a sampling  programme that concentrated on 
sources deemed relevant because of both landfill location and depth. The physico-chemical groundwater parameters 
that are highly sensitive to leaks (EPA, 2000, Panaitescu at al., 2015). 
3. Results and Discussions  
Leachate collection system performance of the two organic landfills is shown in Figure 5. 
Figure 5. Leachate collection system performance 
Data analysis revealed the following: in the case of the industrial waste landfill, when the net infiltration value is 
0.04, 0.5% of the leachate quantity leaks through waterproofing at the hydraulic conductivity value of 10-5m/s. 
Hence, altering the hydraulic resistance in the case of a lateral and vertical leak flow may lead to a decrease in 
infiltration rates. The graphic representation of the sealing slope values depending on the disposal cell depth showed 
that in the case of superficial depth cells an increase in the sealing slope angle is required. In the present study 
vertical flow is the only one that significantly influences the flow profile, and the determined amount will be the 
hydraulic conductivity of the seal. The values of the analysed physico-chemical parameters pH, COD (chemical 
oxygen demand), BOD (biochemical oxygen demand), TSS (total suspended solids) varied significantly in the five 
sampling points (Figure 6). 
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Figure 6.Variation of the analysed physico-chemical parameters. (a) BOD variation, (b) COD variation, (c) pH variation, (d) TSS variation 
Hence, it can be observed that the points situated near domestic waste BOD and COD landfill had values ranging 
between 6 mg/l and 18 mg/l. TSS concentration ranged between 3 mg/l and 55 mg/l. This indicates a higher level of 
pollution as compared to the industrial waste landfill where BOD and COD values were in the range of, the 
maximum value being 18 mg/l and 98 mg/l, respectively.  
4. Conclusions 
Pollution risk identification coincides with the main directive regarding environmental landfills, i.e., 
groundwater quality protection. The analysed data revealed that the sealing slope, the infiltration rate and hydraulic 
conductivity represent three important parameters in the study of infiltration in the case of environmental landfills. 
Seal thickness has no significant effect on infiltration flow. 
What is significant, however, is system sealing flaws. Hence, a geomembrane installation that does not respect 
the regulations in force may lead to an increase of leachate amounts accumulated in the soil. For this purpose there 
must be additional drainage systems and sealing layers that facilitate leachate redirecting towards the treatment 
plant. Groundwater quality is relatively good in Muntenia region. Maximum BOD values of 18 mg/l, COD max 
values of 98 mg/l and pH maximum values of 7.7 indicate a relatively low degree of pollution. Starting from the fact 
that there is a deficiency in the disposal capacity of present landfills, the present study was aimed at contributing to 
setting priorities and choosing the right sealing materials should the setting up of further landfills be taken into 
consideration. The correct application of permanent sealing and making sure that the subsequent sealing resists the 
chemical and physical influence of the leachate is a practical solution that should lead to the removal of leachate 
leakage. Layer-based seal drainage systems allow leachate recovery and subsequent treatment in specific sewage 
treatment plants. 
505 Casen Panaitescu /  Agriculture and Agricultural Science Procedia  6 ( 2015 )  500 – 505 
References 
Bostwick, L. E., Rowe, R. K, Take, W. A & Brachman, R. W. I., 2008. Observations of the dimensional stability of four GCL products under 
combined thermal and moisture cycles. Proceedings of Geoamericas 2008, Cancun, Mexico, 435–443. 
Bostwick, L. E., Rowe, R. K., Take, W. A. & Brachman, R. W. I, 2010. Anisotropy and directional shrinkage of geosynthetic clay liners. 
Geosynthetics International, 17, No. 3, 1–14. 
Brachman, R. W. I. & Gudina, S., 2008. Geomembrane strains and wrinkle deformations in a GM/GCL composite liner. Geotextiles and
Geomembranes, 26, No. 6, 488–497. 
Brachman, R. W. I., Sabir, A., 2010. Geomembrane puncture and strains from stones in an underlying clay layer. Geotextiles and 
Geomembranes, 28, No. 4, 335–343. 
EPA 821R00003, 2000. Analytical method guidance for EPA method 1664: a implementation and use, Downloadable at 
http://www.epa.gov/waterscience/methods/method/oil/1664guide.pdf 
Panaitescu, C., 2014. Study Regarding The Use Of Sludge And Efluent From Waste Water Plants in Agriculture. AgroLife Scientific Journal, 
Series E Land reclamation, earth observation & surveying, environmental engineering Vol. III, UASVM Bucharest, ISSN 2285-6064, 9-13. 
Panaitescu, C., Bucuroiu, R., 2014. Study on the composition of municipal waste in urban areas of Prahova county. Environmental Engineering 
and Management Journal, Vol.13, No. 7, 1567-1571. 
Panaitescu, C., Stoica M., 2015. Enhancing of COD Treatment in the Physico-chemical Stage of Refinery Wastewater Treatment Plants, Revista 
de chimie, Bucuresti, Vol. 66, No. 5, 728-731.  
Panaitescu, C., Onutu, I., 2013. Monitoring the quality of the sludge resulted from domestic wastewater treatment plants and the identification of 
risk factors. Environmental engineering and management journal, Vol. 12, 351-358. 
Panaitescu, C., Popescu, C., et al., 2008. Information management for monitoring surface water quality - case study: Ploiesti, Romania. 
Information management in the modern organizations: trends & solutions, vols. 1 and 2. Conference:9th International-Business-Information-
Management-Association Conference (IBIMA), Marrakech, MOROCCO, 1100-1103. 
Rowe, R. K., 2011. Systems engineering: the design and operation of municipal solid waste landfills to minimize contamination of groundwater, 
Geosynthetics International, 18, No. 6, 391-404. 
Rowe, R. K., Hoor, A. & Pollard, A., 2010. Examination of a method for reducing the temperature of MSW landfill liners. Journal of 
Environmental Engineering, ASCE, 136, No. 8, 794–803. 
Rowe, R. K., Islam, M. Z. & Hsuan, Y. G., 2008. Leachate chemical composition effects on OIT depletion in an HPDE geomembranes.
Geosynthetics International, 15, No. 2, 136–157. 
Rowe, R. K., Rimal, S. & Sangam, H. P., 2009. Ageing of HPDE geomembrane exposed to air, water and leachate at different temperatures. 
Geotextiles and Geomembranes, 27, No. 2, 131–151. 
